IN the course of a study on the spermatogenesis of the isopod Asellus aquaticus L. (G. Montalenti and G. Vitagliano, 1946; G. Vitagliano, 1947) attention was attracted to alayer of big secretory cells surrounding each testicular lobe or follicle. The large nuclei of these follicular cells are polyploid, similar to those described by Geitler (1939) in Gerris. Considerable variation in their structure was noticed. The variations were supposed to be correlated with endomitotic cycles.
This hypothesis, however, had to be discarded because, if true, endomitosis would have been too frequent and the nuclei should have increased their volume indefinitely. This was not the case and a connection between the structure of nuclei and phase of physiological activity of the cells seemed more likely.
The older cytologists had long argued about the participation of nucleus in the secretory phenomena of the cell and it was realised that Asellus might be very favourable for a study of this problem.
In fact, one of the most difficult questions, namely the correct seriation of the stages, could be easily cleared up if the secretion process bore some constant relation to the course of spermatogenesis. The latter, being almost synchronous in all the elements of each lobe, provides a time scale to which the phase of secretory activity of the follicular cells can be referred.
A remarkable correlation between the structural aspect of follicular nuclei and the stage of spermatogenesis was found. At the same time it was realised that the secretion of the follicular cells is absorbed by the germ cells. Thus the problem shifted from secretion physiology towards the field of germ cell and meiosis physiology. The secretion was recognised as ribonucleic acid (RNA), which is presumably utilised in thymonucleic acid (DNA) synthesis during meiotic processes.
Preliminary reports of the essential results presented in this paper have already been published (G. Vitagliano, 1948 ; M. de Nicola, 1948; G. Vitagliano and M. de Nicola, 1948; G. Montalenti, 1948) . The original problem, i.e. the participation of the nucleus in secretory processes, will not be dealt with in full in the present paper.
MATERIAL AND TECHNIQUE
Testes of A'ellus aquaticus L. (from the river Sarno, near Naples)
were examined by the squash method or in sections. Squash preparations were made by the acetocarmine (Schneider) or acetoorcein (La Cour) methods, and occasionally restained by the Feulgen reaction, iron-hmatoxylin or gentian violet. Material to be sectioned was fixed in Carnoy (acetic alcohol i
Helly, Navashin, Flemming.
Sections were stained with hmatoxy1in-eosin, iron-hmatoxylin, Feulgen. The demonstration of ribonucleic acid was obtained by Unna-Pappenheim's stain with control by ribonuclease treatment, according to Brachet (1942) . The demonstration of phosphatases was carried out by Gomori's technique (for technical details, cf. de Nicola, 1948) .
Control observations were made in living material with normal and polarised light.
OBSERVATIONS
(a) The structure of the Asellus testis
In the mid-dorsal region of the thorax of the male Asellus a pair of long slender tubes, the ducti deferentes, run towards their openings located in the ventral part of the seventh thoracic segment. Towards the opposite apical end three pear-like lobes or follicles are appended to each ductus deferens. In each of the six testicular lobes spermatogenesis takes place independently, but within each lobe the course of the germ cells evolution is fairly synchronous. In every follicle three main kinds of cells can be distinguished :-(i) An investing layer of big follicular cells showing secretory activity and similar, although not identical, with the cells constituting the " neck" of the follicle and the epithelium of the deferens.
(2) The group of evolving spermatocytes (or spermatids, or fullyformed spermatozoa) which occupies the largest part of the follicular cavity.
() A small group of spermatogonia, located somewhere towards the basal part of the follicle ; these are the source of the next spermatogenetic wave. When all the spermatocytes have been converted into spermatozoa, they are poured through the neck of the follicle into the ductus deferens.
(b) The concordance between the rhythm of activity of the follicular cells and the stages of spermatogenesis As a preliminary observation it was found that two main " phases" exist in polyploid nuclei, vi.. one characterised by large nuclear size, chromatin distributed in small blocks spaced within a non-staining nuclear sap, and the other characterised by smaller nuclear size and chromatin condensed in a mass in which the single blocks are not so easy to recognise. The former aspect is very similar to Gerris nuclei as described by Geitler
The individual blocks may represent single chromosomes. No attempt was made to count them in order to ascertain the degree of ploidy, but apparently this is not very high, e.g. of the order of 8 to i6 (2n = i6 in Asellus).
By a more careful examination four "phases" were established and their correspondence with spermatogenetic stages thoroughly A few words may be added to explain some points. In a testicular lobe full of spermatozoa the great majority of the follicular cells are in phase I. But in proximity to the group of spermatogonia, which are ready to start the next spermatogenetic wave as soon as the spermatozoa have been expelled, the follicular cells are in phase II.
Possibly two stages are included in phase II, the first with clearly visible threads, the second in which the aspect of the nucleus is more uniform. The interpretation is that the chromosomes (=chromatin blocks of phase I) are now threadlike, i.e. much less contracted and less charged with DNA. The whole chromatin structure is thus in a more diffuse condition.
Some additional nucleoli appear in phase II. One or two (which we consider identical with those of the other stages) are pyroninpositive and contain both kinds of phosphatases. Three to six additional nucleoli are devoid of RNA and of diphosphatases.
Phase III corresponds apparently to the stage of more intense secretion.
Phase IV is interpreted as a transitional stage to phase I.
The correspondence between spermatogenesis and follicle cell phase is such that in each spermatogenetic cycle phase I and IV appear only once, as the starting and final stage respectively, while phase II and III appear twice. There are thus two secretory waves with the maxima corresponding, one to lepto-zygotene, and the other to diakinesis-anaphase I.
The secretion is constituted essentially by RNA (perhaps it is pure RNA) which, according to our observation, is absorbed and in some way utilised by the germ cells.
At the end of spermiohistogenesis no RNA is found between spermatozoa while the follicular cells have reached phase I, in which no secretory activity can be detected. As to the distribution of phosphatases in the germ cells, the following can be noted. The cytoplasm and extracellular RNA granules are always negative. Spermatogonial nuclei are always strongly positive both for mono-and diphosphatases. The same is true of the spermatocytic nuclei, where it is easy to see that phosphatases closely follow the distribution of chromatin. In young spermatocytes these enzymes are localised in the tail region, as is the chromatin.
The whole head of the spermatozoa is positive. (spermatozoa) birefringence is seen, which is lacking when the chromatin is in a "diffuse" condition (resting nuclei, prophase to pachytene).
(d) Ductus deferens The epithelium of the ductus deferens is made up by elements similar to the follicular cells, although with a lower degree of polyploidy.
Phases analogous to those found in follicular cells are evident also in the deferens cells, but they are more or less intermingled. Their secretion has not been carefully examined, but it is probably constituted by large granules staining red with pyronin, which are not deleted by ribonuclease. This substance, which also stains deeply with iron-hmatoxylin, obviously is not RNA, and is found in large amounts between ripe spermatozoa. The results of the phosphatase reaction help us to ascertain where a metabolism of RNA occurs. Since it is highly probable that these enzymes are concerned with RNA metabolism (Brachet and Jeener, 1946; Jeener, 1947 ; Montalenti and de Nicola, 1948) where phosphatases are absent there is probably no chemical elaboration of RNA. This happens during the whole migration of this substance, i.e. up to the cytoplasm of germ cells. Only in two points, viz, the starting point in follicular nucleus and the end point in germ cell nucleus, are the phosphatases present and in considerable amount. In other cells (e.g. other glandular cells, oocytes, etc.) in which RNA is present in cytoplasm, the phosphatases are also present in it. But here, according to the current views, RNA is in some way utilised for protein synthesis and thus presumably it undergoes change. Therefore the absence of phosphatases in the cytoplasm of both follicular and germ cells may indicate that it is carried through these bodies without any chemical modification.
The presence of phosphatases in nuclei, on the contrary, might indicate that there it is being metabolised. In follicular nuclei it is probably elaborated from the chromatin, whereas in germ cell nucleus it is eventually depolymerised into nucleotides which are used then to build up chromatin, i.e. DNA, according to the current view.
The supply of RNA to germ cells is thus considered as essential for completion of meiosis.
(b) The secretory process As already stated the question of the participation of the nucleus in the secretory activity of the glandular cells has been long debated. Many older cytologists considered it very likely that the nucleus takes an active part in secretion. It lies outside the purpose of the present paper to review the literature concerning such a subject, but a few words may be added to interpret the phenomena described above.
In this particular case in which the cell secretes RNA it is clear that the nucleus is in some way concerned in the elaboration of this substance. This is shown by the considerable variations (i) of nuclear size, (2) of the state of condensation of chromatin and () ofthe number and size of nucleoli. All these features have already been described in a great variety of cells by many cytologists. Amongst recent papers Painter's (ig) work on the glandular cells of the bee and Drosophila is particularly exhaustive.
In the present case the phosphatase content of the nucleus throws some light on the process. The highest quantity of phosphatases is observed in phase III, in which other signs indicate that the secretory activity reaches its highest level. Furthermore the phosphatase reaction, as well as other staining methods, clearly show that in phase II there are at least two kinds of nucleoli. Their specific function is not known, but it seems highly probable that they are in some way concerned with some process in RNA elaboration.
As to whether eu-or heterochromatin is the source of RNA, our data do not allow of any conclusion. In mitotic chromosomes heterochromatin in Asellus does not form considerable blocks, but is interstitial in its distribution. We do not know whether the chromatin blocks which we consider as chromosomes in polyploid nuclei are entire chromosomes or merely heterochromatic bodies, as will perhaps be considered more probable.
At any rate the conclusion that RNA is elaborated in the nucleus at the expense or with the co-operation of the chromatin cannot be avoided.
GENERALISATION AND DISCUSSION
Were the case of Asellus isolated, its value would be purely episodic and no general conclusion could be drawn. But it seems more likely that such a fine mechanism of supply of nucleic acid to the male germ cells is at work also in other organisms. According to our interpretation it is essential for completion of meiosis.
A glance at the literature confirms this view. Brachet (1942) found progressive diminution of RNA content in the cytoplasm during spermatogenesis in the mouse, rabbit, grasshopper, and planarians. He did not describe a two-phase cycle as in Asellus, nor did he look for the source of RNA. Painter (1940) Oogenesis is a much more complex phenomenon than spermatogenesis meiosis has a peculiar course owing to the cytoplasmic growth and elaboration and storage of yolk. The oocyte nucleus seems also directly concerned in supplying nucleic acids to the cytoplasm Taylor, 1940, 1942) . Therefore this matter will not be dealt with here. But it seems possible that the tapetal cells in Rhoeo arithers give RNA to the microspore also in premeiotic and meiotic stages.
A "higher concentration in the cytoplasm of nucleic acid" in mother cells in comparison with their neighbours is found also by Darlington and La Cour (1946) in Fritillaria. Moreover, they describe temporary pre-prophase chromatin (DNA) dumps, not associated with chromosomes, which gradually shrink, contemporary with chromosome individuation, and eventually disappear at leptotene. The dumps are a source of DNA for the chromosomes which have to start meiosis. This case is, as far as is known, unique.
Many data from the older literature point to the presence in other animals of mechanisms similar to those in Asellus follicular cells.
In almost any order of insects peculiar cells (Verson's cell, apical cell) have been described by several authors. Almost all of them agree in two points : viz, the cells elaborate a granular basophilic material (sometimes considered as chondriome) and this is fed to the germ cells. The latter are often seen in close connection with the apical cell, generally at an early (spermatogonial) stage and sometimes they send pseudopodium-like structures towards the apical cell. This has been interpreted as a " nurse cell " supplying "food " to the germ cells, and McClung (1938) even thought that in this way some impression or experience of the soma could reach the germ cells. A recent review of the literature on the apical cells in several insect orders is to be found in Carson (1945) .
Whether the basophilic material excreted by the apical cells and absorbed by the germ cells is RNA remains, of course, to be demonstrated. It seems very probable and at least in one case, in grasshopper testis, it has been proved (B. Battaglia, in press).
Important observations were made by Holmgren (1901) in the testis of Staphylinus. First, the apical cell is not the only organ showing the secretory activity the membrane of the single spermatogonial cysts also produces the same basophilic granules, and even the follicular capsule, syncytial in its structure, seems to have a high cytoplasmic basophily. Similar conditions have been found in grasshopper testes in " connective tissue cells." Probably this is the way by which a further amount of RNA is supplied to spermatocytes sometimes during the course of meiosis, as is in Asellus effected by the second climax of secretion.
A second and more important observation by Holmgren was that the size and shape of the apical cell, as well as of the whole follicular capsule varies very much according to the season and spermatogenetic stage. In winter, while spermatogenesis is in progress, both apical cell and capsule are thick and apparently very active. In spring, when meiotic stages come to their end and spermiohistogenesis starts, the apical cell is much smaller. In summer, when the testis is full of spermatozoa and devoid of spermatogonia and spermatocytes, Holmgren does not find the apical cell, and the capsule is reduced to an extremely thin layer. The activity of these secretory organs is therefore clearly connected with spermatogenesis as in Asellus.
Also in a Pteropode (I'a1oc)ilis striata) the follicular cells surrounding the male section of the hermaphroditic gonad show a cycle of secretion of RNA, which is absorbed by the germ cells (Vitagliano and Bacci, unpublished) .
In the vertebrates probably the Sertoli cells, in which Brachet finds a high content of RNA, have the same function.
There is no doubt that, looking more carefully into the literature and studying directly organisms of different types, it will be found that the supply of RNA to the male germ cells is provided for in a somewhat similar manner, although by different kinds of cells or cellular complexes. Research is in progress along this line in our laboratory.
The question may now be raised as to what is the causal relationship of this high charge of RNA supplied to the germ cells and the start and completion of meiosis. Darlington and La Cour (1946) have already stated that " what sets the series of changes (which will lead to crossing over, segregation and the whole course of meiosis) in motion seems to be the premature priming of the chromosomes with nucleic acid (premature with respect to their reproduction)." Modern research has demonstrated that meiosis is by no means confined to germ cells. Somatic cells are able to undergo more or less complete meiotic processes. In plants a number of cases have been described. E. Battaglia (1946) and E. Battaglia and Dolcher (i7) have carefully described incomplete and complete meiotic processes occurring in some glandular cells located at the basal part of the stilar canals in Sambucus. They did not look for RNA content in the cytoplasm of these cells, but two facts indicate that it should be rather high.
First, the basophily of the cytoplasm, which is expressly described by the authors and appears also from the microphotograph accompanying their paper. Secondly, by the fact that Painter in Rhoeo found a considerable charge of RNA in the pistil, along the stilar canal. By analogy it may be supposed, while waiting for a demonstration, that this is true also in Sambucus.
In animals some cases of chromosomes pairing have been found in tumour cells, and particularly in those classified in category A by Santesson and Caspersson (1942) , i.e. elements whose cytoplasm is heavily charged with RNA. Descriptions of such cases are to be found in Evans and Swezy (1929) , Barigozzi and Cusmano (1946, 1947) . Hearne (1936) and Hearne Creech ('940) found similar phenomena in mice fibroblasts cultivated in vitro and treated with carcinogenetic hydrocarbons.
A true " somatic reduction has been described in polyploid cells of Culex (Berger, 1938 ; Grell, 1946) . This process is very complicated and nothing is known about its determination or the RNA content of the cells concerned. Therefore this case cannot be taken into consideration for the moment.
From these data (and no doubt many more will be found in the literature) it appears that (a) RNA supply from the exterior to male germ cells immediately before and/or during meiosis should be a widespread feature among animals ; (b) somatic cells can undergo more or less complete meiotic processes ; a common feature in the latter seems to be a heavy charge of RNA in the cytoplasm.
Therefore it may be supposed that a large amount of RNA is the cause, or at least one of the causes of the starting of meiosis. Possibly some enzyme might be bound to RNA and directly concerned in control of some meiotic process. Only experiment, of course, can give an answer. Some experimental data, however, are already at hand. Huskins (i 948a) shortly reports that Kodani, by treating onion roots with sodium ribonucleate, obtained "chromosome pairing and reduction divisions, similar in essential respects to those of the germ cells." Similar cases have also been observed in material in which mitosis was induced by indole 3 acetic treatment. Apparently with sodium ribonucleate the number of reduction divisions is greatly increased.
In subsequent papers Huskins (i948b) and Wilson and Cheng (i) describe their findings in Alliurn and Trillium roots following the treatment with sodium ribonucleate. They have obtained segregation of homologous chromosomes, but pairing "has been found so far in very few nuclei" (Huskins, i948b) .
Further observational and experimental data are required before any definite conclusion can be arrived at, but from this preliminary account it appears that the above-stated hypothesis is worth consideration.
6. SUMMARY i. In the testis of Asellus aquaticus large follicular cells with polyploid nuclei are present. They are secretory elements, whose rhythmical work is in phase with the course of meiosis.
2. Follicular cells secrete ribonucleic acid (RNA) in granular form. During one spermatogenetic cycle the intensity of secretion shows two peaks : the first corresponding to lepto-zygotene, the second to diakinesis-metaphase I. Some features of the polyploid nuclei during the various phases of activity are shortly described.
3. The secretion given off from the follicular cells goes to the germ cells which absorb and utilise it as is demonstrated by the presence of RNA in their cytoplasm at certain stages, and its absence in other stages.
4. Phosphatase reaction shows that these enzymes are present in the follicular nuclei and germ cell nuclei, absent in the cytoplasm of both kinds of cells and on the RNA granules.
5. Therefore it is assumed that RNA is elaborated in polyploid nuclei and used in germ cell nuclei to build up chromatin (DNA).
6. Similar mechanisms of RNA supply to male germ cells seem quite widespread among animals. Thus the hypothesis is proposed and discussed that a heavy RNA charge, coming from outside the germ cell, is causally connected with the starting of meiosis. 
